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N
YPT Lagrangian

[Gasser, Leutwyler 1984]
Lo=LP+L0+£0+ .. J

with LO term )
F
E§<2) = f(uuu” + X+)

and NLO Lagrangian

ng) :L1<u#u“>2 + Lo(uyu”) (utuy,) + La(uy,ufu,u”)
+ Ly (upu'x+) + Lo(x+)? + Lr(x-)* + Ls/2(x
— Lo (fY upuy) + Lio/4(frm 1 — fop [2Y)
+iluy (x— (Dt +i/2x-)) — Lia((Dyu +i/2x)?)
+ Hy /2 fru F + o 1) + HaJAOE — X2)

NNLO contains more than 90 terms [Bijnens, Colangelo, Ecker 1999]

() (x+)

+ Ly
2
2 +x3)

Jaroslav Trnka Ghosts in Resonance chiral theory 20



L
Saturation of LEC

xPT Lagrangian contains free parameters that can be saturated by
resonances

Theory for effective description of resonances — Resonance chiral theory
In large N¢ limit one can write the Lagrangian in the separate form

Lr=LE+ LS+ £ + £+ L8 |

Integrating out the resonances

/DRexp (z’/d4x Eres> = exp (i/d4x Ex,res)

we restore the xyPT Lagrangian
Ex = ﬁGB + Ex,res J

Estimation of LECs:
O(p*): [Ecker, Gasser, Pich, de Rafael, 1989]
O(pG): [Cirigliano, Ecker, Eidemuller, Kaiser, Pich & Portoles 2006],
[Kampf, Moussallam 2006]
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I
Vector resonances

Restriction to vector resonances 1™~
They transform nonlinearly under U(3)r x U(3),

R — hRh!
where
550"+ Jsws + 5 ot Kt
R= P - +fw8+f K
K*~ K" —Jws + J5wo

Three possible descriptions:
— Ly with Proca fields V,
— Lp with antisymmetric tensor fields R,
— Lpry, Lagrangian in first order formalism (both fields)
[Kampf, Novotny, Trnka, 2006]
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L
Problems with equivalence

Proca < tensor, unless some contact terms are added by hand (generally
infinite tower)

<6 (4 (6 > e
£ — D4 £ gy = > Lverr
n=3

6
ﬁﬁ/ = L( : — LReff _ZEVeff’
n=2

First order formalism
@ it is more general, it contains more interaction terms

@ all structures in effective chiral Lagrangian as in Proca and tensor,
no additional contact terms

@ never "worse" than Proca or tensor

@ no doubling of degrees of freedom at tree level
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Proca field Lagrangian

A~ A

Ly =—HVHV,)+ L M2V, VE) + Ly int J

where V* = DHVY — D”V* and () are traces over group indices

Integrating out resonances — contribution to O(p%) LECs
= Vi =0(p?)

LO interaction terms in Proca formalism are of order O(p®):

[Prades 1994]

O(p®) even parity | coupling
1 (VEWY, fpwl) ay
2 Vel | By
3 (VH fpw) *212,/'\/
T 0w w)) | —sisov

O(p®) odd parity coupling
5 i€uvas (VEuY u®uP) 0v
6 | cuvas(Vi{u”, £5°1) hy

fv. gv — analagous terms in tensor formalism contribute to O(p*) LECs
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Antisymmetric tensor formalism

Lr=—3{DaR* D Ryy) + §M>(Ruw B*) + Lrims |

The chiral order of tensor field R, = O(p*), LO interaction Lagrangian

Fy Gy
W = V(g + ——(R" [uy,u
R,int 2\/§< er/J«V> 2\/5( [ iz V]>
Contribution to O(p*) LECs
, G} , Gi , 3G3 , Fi , F?
L1:2]&/27 L2:4]\2/27 L3:74MV2'7 LlO:74]“J/27 H1:78]“J/2

Basis of O(p®) interaction terms:
— incomplete for odd intrinsic parity sector
[Ruiz-Femenia, Pich, Portoles, 2003]
— complete for even intrinsic parity sector
[Cirigliano, Ecker, Eidemuller, Kaiser, Pich, Portoles, 2006]
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Antisymmetric tensor formalism

O(p®) even parity with R O(p®) even parity with R
1 (R utuqu®u”) Y 12 (Ruyuafﬁyu% A,
2 (Rupu®ufu’uq) Ay 13 | (Ruw (W” f%ua + ua f{%ut)) s
3 iRy {u®, uFuqu’}) Y 14 | (Ruv(uua f$7 + f$ uaut)) A
4 (R, {ufu”, u®uq }) Ay 15 | (Ruw (uauP JO7 + [070Pua)) | A
5 | igas(Bu ™" | AN | [T6 iRy [DFT7 ua]) g
6 (Ruw {17, x4 1) Ay 17 {Ruv [Da f27, u®]) ATy
7 g6 (Ruw S5 117) Ay 18 ((Ruy [Dao f2, u”]) ATs
8 iRy {x1, uFu"}) g 19 (R [f27, hED) Alo
9 i(Ruputxyu?) Ay 20 (Ruu [F™, x=]) Yo
10 i(Rpuw [ut, DVx_]) N 21 i(Ruy Do D (utu?)) Y
11 (R {17, u®ual) A 22 (RuvDa D 1Y) Ao
O(p®) even parity with RR coupling

1 (Ruv R u®uaq ) N4

2 (Ruvu®RFYuy) AV

3 (Rua R"*utuy) AV

4 (RuaR"*utuy) AV

5 | (Rua(u®R*Pug + ug R*Pu®)) NV

6 Ry B x1) 7

7 197" (Rua R f4py) A
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Antisymmetric tensor formalism

O(p®) odd parity with R | coupling
T e (R U7 Daw® 1) |1 /M
2 | eunpo (R*{f77, Dyu”}) ca/M
3 iﬁwpcr<RW{fiavX—}> c3/M
4 ieuwpo (R [F77, x+]) ca/M
5 | epvpo (DARF {7, u}) cs/M
6 | eurpo (DuRFV {17, u"}) ce/M
7 | ewmor (DR L undy | ca/M
O(p®) odd parity with RR | coupling
1 | ewvac({R*,R*P}Dguc) dy
2 5uuo¢,8<{le7 Raﬁ}X*> da
3 | ¢pour{Dyv R, RP7}u?) d3
4 | epopa{{D*R*, RP? }uy) dy

O(p®) with RRR coupling
1| {RuwRFPRY ) gpo VYV

— sufficient for all three-point Green functions up to O(p%)
— study of VVP Green function and high energy constraints
[Ruiz-Femenia, Pich, Portoles, 2003]
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First order formalism
Lry = XM*(R,, M) + LM (V, V) — LM(R,, V™) + LRy, it J

The interaction part contains the sum of interaction terms in Proca and
tensor formalisms + mixing term

1
£ = ZMoyeqpun (VY R uP)

miz 9

Various aspects of first order formalism [Kampf, Novotny, Trnka, 2006]
@ equivalence with Proca and tensor formalisms
@ saturation of LECs
@ VVP correlator and vector formfactor [KNT, 2007]
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L
Propagators and poles

Discussion for Proca fields (without group structure)
ls s 1y
£ == —ZVMVV’M + §M VMVH + £int

The projectors

L Pubv T PuPv
P, = 2 P, =guw— 2
Propagator
A (p) = WPT + WL(;DQ)P/JI,II/' J

with two possible poles belonging to PX and P”

Mg — M? — > (ME)=
ME 4+ 2E(M2)=

0 spin one states
0 scalar modes
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L
Propagators and poles

Corresponding degrees of freedom: if M‘% > 0, Mg >0
— perturbative solution - spin one particle state (resonance)

1
_ 1/2_.(x - _
OVLO0)|p, A, V) = | Zv] / 5;(; '(p) with  Zy = m

— possible additional pole that decouples in free field limit
(=" (p*) =0)
— scalar mode also frozen in free field limit

. |Zs['? 1

OV, (O)lp, 5) = ipy where Zs = ST(z)

Other kinetic and higher derivative terms make problems — they can
appear by the renormalization procedure as counterterms

B
2

Y (7 Y ¥
OV + 55 (0,07 (V)
1)

+ 5775 (Ou0,V) (D0, V7)

Jaroslav Trnka Ghosts in Resonance chiral theory 20

SIS
£ct - _ZVM VMV -



L
Propagators and poles

Corresponding contributions to 7' (p?) and X% (p?)

4 4

D b
EL(pz) = —Bp* + 5@

M2’
For the masses and Z factors we get

1 —2 v/ (1 24

S (p?) = —ap® + 7

1-ST(M2) =4/ +a)? -4y

M§<:M2 <6:F \/6245>
20
2H(ME) = FV6? — 49

@ for a,v — O:

M?

Mgy = M*(1+0O(a, 7)), My =—(1+0(a,7)) +...
/

@ additional degree of freedom: for v > 0 ghost, v < 0 tachyon
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L
Propagators and poles

Discussion of antisymmetric tensor fields (without group structure)
1 uv 0 1 2 uv
L — —§(GMR )(8 Rp,,) + ZM RHVR + [/int-

The projectors

1
T pT T pT L T
Hp,uaﬁ (P,uapuﬁ - Pvappﬂ) ) H,uuaﬁ - 5 (g#aglfﬁ - gyaguﬁX) - Hp,uaﬁ
Propagator
— 2 L 2 T
A,uz/aﬁ(p) = _pQ—MQ—ZL(pQ)HMVOCﬁ —+ M2+ZT(p2)HMVOéﬁ J

with two possible poles belonging to PX and P”

M2 — M? —xl(2)=
M3+ 2T (M3)

0 spin one states
0

spin one states with opposite parity
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L
Propagators and poles

Corresponding degrees of freedom: if M‘% > 0, Mfl >0
— perturbative solution - spin one particle state (resonance)

1
_ 1/2. (A . _
(0| Ry (0)[p, A, V) = | Zv |V U;(w) (p) with  Zy = m
A i A A
where u) (p) = 517 (puct” (0) — pocf? ()
— possible additional pole that decouples in free field limit
(B (p*) = 0)
= spin one state with opposite parity also frozen in free field limit

1
_ 1/2. (A H —
<O|R,uz/(0)|p’)‘aA> - |ZA| / w;(w)(p)' with ZA - E/T(Mﬁ)

where w3 (p) = ) (p) = Lemapu™ (p)
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Propagators and poles

Lagrangian
L= 5 0,R" PR, — ﬁaﬂRaﬁaﬂRaﬂ
PY 5 UV & 5 (87
+ gz OaOu R 00" Ry + o350,0, RY07 0 Rag

Corresponding contributions to =7 (p?) and X (p?)

4
p p
S = —ap? +yqm ST0N) =00+ 005

The same masses and Z factors as in Proca field formalism
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L
Propagators and poles

This is a well-known feature — massive Proca fields always make
problems

Analogous situation is in antisymmetric tensor formalism!

First order formalism

@ all types of possible additional degrees of freedom as in Proca and
tensor formalisms

@ splitting of masses, generation of new kinetic terms — doubling of
degrees of freedom

The problems with ghosts do not depend on the formalism!

The origin of the problems
— non-conserving sources in Lagrangian = new kinetic terms
— no symmetry to save this situation
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N
Ghosts in RxT

Interaction Lagrangian in antisymmetric tensor formalism

O(p®) odd parity with RR | coupling
1| oo ({R"™,R*?}Dgu’) dy
2| ewap({R™ R*}x-) da
3 | epoix({DLR"™, R ™) ds
4| popa({D*R™  R* Ju,) da

— these terms make problems
One loop diagrams

—{/ — — — ~i— + —r\.—

\

Generation of new kinetic term as a counterterm
Lot = a(DO‘RWDaR’“’) J

where (Ao = 2272 4 15 — Indr — 1)
5M2 )\
= ———2di(dy +d3s +dg) — 3(ds + dg)(3ds — dy)] .
a= o pe [2d1(d1 +ds +dy) — 3(ds + d1)(3d3 — d4)]
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N
Ghosts in RxT

Proca field formalism

@ the chiral orders are shifted
— nothing like this up to O(p%)

@ we expect to appear this problem at O(p®)
@ for example, if we take

8 o Yruv
5@,)“% = oveagu {V, V)

— additional degrees of freedom are generated
First order formalism

@ more complicated structure of " ghost sector”
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What to do with ghosts?

Solutions of the ghost problem:
@ to throw them away (far from our energetic region) ?
@ to postulate new symmetry ?

@ to accept their existence as an artefact of RxT ?

Unfortunately, it is not easy to kill ghosts not only in fairy tales but also
in Resonance chiral theory
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N
What to do with ghosts?

Solutions of the ghost problem:
@ to throw them away (far from our energetic region) ?
@ to postulate new symmetry ?

@ to accept their existence as an artefact of RxT ?

Unfortunately, it is not easy to kill ghosts not only in fairy tales but also
in Resonance chiral theory

Thank you for attention!

-
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